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The stereochemistry of new cobalt(II), nickel(II) and copper(II) complexes of 5-(2- 
thiazolylazo)-barbituric and thiobarbituric acids was studied on the basis of thermal mea-sure- 
merits. The orders of reactions and the energies of activation were evaluated. The data were 
explained from different aspects, mainly with regard to the electronic character of the sub- 
stituent. 
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Introduction 

Thiazolylazo and pyrimidine compounds have many applications, e. g. they 
are hypnotic drugs, they affect the nervous system [1], they are applied in the 
fight against gastric cancer [2], they are chemotherapeutic agents and they are in- 
volved in the structure of the nucleic acid in living systems. Some of the 
thiazolylazo compounds have been used as chromogenic-spectro-photometric and 
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extraction reagents for the determination of many metal ions [3-8] and as in- 
dicators in complexometric titrations [9-13]. 

The structural chemistry of synthesized cobalt(II), nickel(II) and copper(II) 
complexes of barbituric acid and its azo derivatives was explained on the basis of 
spectral and magnetic susceptibility measurements [14]. Few of these systems 
were investigated from the aspect of their thermal properties. No work has been 
reported on the thermal properties of the complexes of 5-(2-thiazolylazo)-bar- 
bituric acid, 5-(4-phenyl-2-thiazolylazo)-barbituric acid, 5-(2-thiazolylazo)-2- 
thiobarbituric acid and 5-(4-phenyl-2-thiazolylazo)-2-thiobarbituric acid with 
different metal ions such as Co(II), Ni(II) and Cu(II). Accordingly in the present 
work, DTA data are applied to evaluate the activation energies and orders of reac- 
tions of these complexes in order to shed light on their structural chemistry. 

Experimental 

The organic compounds were prepared by dissolving 2-aminothiazole and its 
4-phenyl derivative (0.1 mole) in HC1 (0.2 mole/25 ml distilled H20). The 
hydrochloride compounds were diazotized below 5 ~ with a solution of NaNO2 
(0.1 mole/30 ml distilled H20). The diazonium chlorides [15] were coupled with 
an alkaline solution of barbituric or thiobarbituric acid (0.1 mole). The crude 
dyes were collected by filtration, crystallized from ethanol [16] and then dried 
over P4010 in a vacuum desiccator. 

The C, H, N and S contents were analysed at the microanalytical units, 
Chemistry Department, Faculty of Sciences, Alexandria and Cairo Universities 
(Table 1). The elemental analyses indicated the existence of the following com- 
pounds: 

~]~ S//~-- N ~ N ~ R  2 

R I N 

RI= H R2= barbituric acid 

Ph barbituric acid 

H 2-thiobarbituric acid 

Ph 2-thiobarbituric acid 

The complexes of these compounds were prepared by refluxing an ammonia- 
cal solution of the metal(II) chloride (M = Co, Ni and Cu) (0.01 mole) with an 
ammoniacal solution of the organic compound (0.01 mole) for = 2 hours. The 
precipitated complexes were separated by filtration, washed with ethanol and 
dried over anhydrous CaC12 in a desiccator. All the complexes had melting 
point >300 ~ The C, H, N and S contents of the complexes were determined by 
EDTA complexometric titration [17]. The data are given in Table 2. 
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The differential thermal analysis measurements were made with a Heraeus 
DTA 500 analyser, using a Ni-Cr-Ni temperature sensor, at the Postgraduate Re- 
search Institute, Alexandria University. The heating rate used was 10 deg.min -!, 
with a 60 mg sample in a platinum crucible. 

Results and discussion 

The DTA curves of the cobalt, nickel and copper complexes are recorded in 
Fig. 1. An endothermic peak appears in the temperature range 46~ ~ and can 
be assigned to the dehydration of the complexes [18, 19]. The energies of activa- 
tion (AE,) of the process of dehydration of these complexes were evaluated with a 
Piloyan et  al .  method [20] (Fig. 2). In turn, the order values (n) were calculated 
via the peak asymmetry method of Kissinger [21]. The A E and n values are given 
in Table 3. The data relate to the following observations and conclusion: 

1. The AE, values for the cobalt and copper complexes of 5-(4-phenyl-2- 
thiazolylazo)-barbituric and -thiobarbituric acids are lower than those of the com- 
plexes of 5-(2-thiazolylazo)-barbituric and -thiobarbituric acids. This may be 
attributed to the re-character of the phenyl group and the associated steric effect. 
All the cobalt complexes have the stoichiometry 1:1.2 H20, with Ta geometry. 
The copper complexes have the stoichiometry l:2.n H20, where n = 2 for all cop- 

/ i i l  
,o ///I 

a.. ~ "1 
""'b" " ' .  :. 

- - ' ~ .  ". " I I 

l 
, I , I 

30 60 90 120 150 

T/~ 

Fig. la  DTA curves of cobalt complexes derived from, a) L4 b) L2 c) L3 d) L1 
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per complexes except those of 4-phenyl derivatives of barbituric acid and 2- 
thiobarbituric acid, where n = 4, and all have tetragonal geometry. However, the 
behaviour of the nickel complexes exhibits the opposite trend to that for both 
cobalt and copper complexes. The mechanism for these systems is controlled by 
two factors: 

(i) The number of water molecules present in the outer sphere of the complex. 
This number in nickel phenyl compounds is greater than that in the nickel 
thiazolylazo-barbituric and -thiobarbituric acid complexes. The TG experiment 

(b)  .-~--/xlO 3 K -1 
2.6 2.7 2.8 2.9 3.0 3.1 

1 I I I I t 
2.54 258 2,62 2.66 2.70 2.7~ 

( o,c,d ) + / x l 0 3  K "1 

Fig, 2a A plot constructed from DTA curves of cobalt complexes derived from, a) L4 b) L2 
c) L3 d) L1 

(o)  +/x103 K "1 
2.6 2.7 2.8 2.9 

5 . 0 , A j  I i I I I i i i 

3.0-  

2.0 

1.0 I I I 1 I 
2.62 2.66 2.70 2.74 2.78 

(b,d)  + / x l 0 3  K-1 
I I I I [ 

2.6 22 2.8 2.9 3.0 
( c )  + / x l 0 3 K  -1 

Fig. 2b A plot constructed from DTA curves of  nickel complexes derived from, a) L1 b) I-4 
c) L3 d) L2 
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(c ,d )  + / x l O 3 K  -1 

2.5 2.6 2.7 2.8 2.9 
.~ 5.51 i l i J 
c I ~,~a ,.b 

3 " 5 1  ~ 

2.51 I I I I I I 
2.5/-+ 2.58 2.62 2.66 2.70 = 2.74 

(o,b) +/x103 K "1 

Fig. 2c A plot constructed from DTA curves of copper complexes derived from, a) L2 b) L3 
c) L4 d) L1 

on the bimetallic nickel complex (Ni2L.6H;O) of 5-(2-thiazolylazo)-2-thiobar- 
bituric acid gave a 9.25% loss in weight, which indicates that these complexes 
contain 2 molecules of water in the outer sphere. 

(ii) The thermal curves of the bimetallic nickel complexes appeared at higher 
temperatures by ( - 20~ ~ ) and with sharper peaks, at 125 o and 130 ~ than 
those of the nickel phenyl complexes. Thus, the process of dehydration of the 
bimetallic complexes is more sterically hindered and needs higher temperatures 
than for those of the phenyl compounds. The theoretical weight loss for the 
proposed formula is 9.4%. 

2. The metal complexes under investigation gave two types of reaction 
mechanism as concerns the order: 

(i) first-order for all metal complexes of 5-(2-thiazolylazo)-barbituric and 5- 
(4-phenyl-2-thiazolylazo)-2-thiobarbituric acids; 

(ii) first-order reactions for the metal complexes of 5-(4-phenyl-2- 
thiazolylazo)-barbituric acid and 5-(2-thiazolylazo)-2-thiobarbituric acid. 

3. In general, the activation energies follow the sequence 
(i) Co > Cu > Ni for complexes of 5-(2-thiazolylazo)-barbituric and -thio-bar- 

bituric acids; 
(ii) Ni > Co > Cu for complexes of 5-(4-phenyl-2-thiazolylazo)-barbituric and 

thiobarbituric acids. The first series may arise from the dehydration process, 
decreasing with increasing radius of the metal [22]. The activation energy values 
for the bimetallic nickel complexes are probably due to strong ligand field 
properties. However, the data for the second series may be attributed to the steric 
effect of the phenyl group strongly affecting the dehydration of the metal com- 
plexes. In spite of the fact that the numbers of water molecules for the nickel and 
copper phenyl complexes are equal (n -- 4), but AENi>AEcu. This is probably due 
to the electronic configurations of Cu (d 9) and Ni (dS), with one and two unpaired 
electrons, respectively, where the ligands have a weak field property [23]. 

J. Thermal Anal., 38, 1992 
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4. The energies of activation for the thio compounds are lower than those of 
the oxygen homologues for all complexes (except that the nickel and copper 
phenyl complexes showed a reverse character), due to the electro-negativity dif- 
ference between oxygen and sulphur. However, the thio complexes absorb at a 
longer wavelength than do the oxygen homologues, where the thio complexes are 
structurally more conjugated and more stable than those of oxygen. Alternatively, 
the dehydration processes for the former compounds are less marked than those 
for the latter, leading to a decreased AEa for the thio compounds. This explains 
the variation in the order of reaction value. 

The following structures are proposed for the metal complexes: 

I 1 i - -N 
. : N  

N = N nH20 

N H_O / ,.-.~ul2J 
X=H, n:2 
X=Ph;n=4 

S - -N  
N .nH20 

N 

X=H, n=2 
X : Ph, n=4 

H20 

IO-~i-- O. N 

- - N = ~ N - - ~  ;/~---O(S) 

_ HzO. 
or  

- ~O - 

H% 
-S Ni \ N  

i HO ~0 
H20 

4H20 

"2H20 

"2H20 
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Zusammenfassung--Anhand thermischer Untersuchungen wurde die Stereochemie yon 
Kobalt(II)-, Nickel(II)- und Kupfer(II)komplexen mit den Liganden 5-(2-Thiazolylazo)- 
barbiturs[[ure und -thiobarbiturs~iure untersucht. Es wurden die Reaktionsordnungen und die 
Aktivierungsenergien ermittelt. Die Ergebnisse wurden unter verschiedenem Aspekt inter- 
pretiert, im besonderen Hinblick auf den elektronischen Charakter des Substituenten. 
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